A Gram-stain-positive actinobacterium, designated as strain 2-36 T , was isolated from sludge of a sewage outlet in a manganese mine. Phylogenetic analysis of 16S rRNA genes assigned strain 2-36 T in a single lineage in the family and summed feature 3 (C 16 : 1 !6c and/or C 16 : 1 !7c) as the major fatty acids (>5 %), with MK-9(H 4 ), MK-8(H 4 ) and MK-9(H 6 ) as the quinones. The cell wall contained meso-diaminopimelic acid as the diagnostic diamino acid and the DNA G+C content was 70.1 mol%. The polar lipids were diphosphatidylglycerol, phosphatidylmethylethanolamine, phosphatidylethanolamine, phosphatidylinositol, phosphatidylinositol mannoside, an unknown glycolipid, an unknown aminophospholipid and two unknown phospholipids. Compared to closely related strains, strain 2-36 T showed distinguishing characteristics, such as the distinct phylogenetic lineage, positive result for phenylacetic acid assimilation and negative result for a-glucosidase and having C 17 : 1 !6c and iso-C 14 : 0 as the major fatty acids. On the basis of the polyphasic analyses, strain 2-36 T represents a
Default Geodermatophilaceae belongs to the phylum Actinobacteria and was established in 2006 with Geodermatophilus as the type genus [1] . The family contains three genera, Geodermatophilus, Blastococcus and Modestobacter, including 29 species according to the LPSN database [2] . Strains have predominantly been recovered from desert sandy soil [3] [4] [5] [6] [7] [8] [9] and also occur in crust [10] , rhizosphere [11] , grass soil [12] , deep-sea sediment and lake [13, 14] , endophytic halophyte and leaves [15, 16] , and deteriorated sandstone [17] .
Members of the Geodermatophilaceae are described as Gram-stain-positive, aerobic and chemoheterotrophic, some forming rods or rudimentary hyphae. Colonies are red-or black-pigmented. The cell wall contains meso-diaminopimelic acid. The major respiratory quinone is menaquinone MK-9(H 4 ) and the DNA G+C content range is 68-75.9 mol% [3, 17, 18] . Furthermore, a specific motif, CAGCTCTGGGATAACTCCAAGAAATT, in 139-165 nt of the 16S rRNA genes was described to characterize strains within the family Geodermatophilaceae [1] .
During a project investigating heavy-metal-resistant microorganisms in manganese mine environments, a sludge sample was collected at the sewage outlet of Dalong Manganese Mine (27 43¢ 8¢¢ N, 108 31¢ 42¢¢ E) in Tongren city, Guizhou province, China. A Geodermatophilaceae-like strain, T , was obtained by the standard dilution plating technique on R2A agar incubated at 28 C for 1 week. The strain was preserved as glycerol stocks at À80 C. In this study, the taxonomic position of strain T was investigated by using a polyphasic approach.
Genomic DNA was extracted according to the procedure of Sambrook and Russell [19] . The 16S rRNA gene of strain T was amplified and sequenced as described by Fan et al. [20] . Sequencing of PCR products was performed by Tsingke Company using the Sanger method [21] . The obtained 16S rRNA gene sequence of strain T (1509 bp) was analysed using BLAST searches against the EzTaxon database [22] . A total of 50 16S rRNA gene sequences were aligned using MEGA 6.0 software [23] to reconstruct maximum-likelihood (ML) [24] , neighbour-joining (NJ) [25] and maximum-parsimony (MP) [26] trees. Evolutionary distances were calculated by Kimura's two-parameter model [27] . The NJ phylogenetic tree based on 16S rRNA gene sequences showed that strain T formed a distinct lineage in Geodermatophilaceae (Fig. 1) . Similar relationships were also found in the phylogenetic trees based on the MP and ML algorithms (Figs S1 and S2, available in the online Supplementary Material).
Among the closely related isolates, Modestobacter roseus KLBMP 1279
T [16] , Sporichthya polymorpha DSM 43042 T , Blastococcus saxobsidens BC444
T [28] and Geodermatophilus aquaeductus BMG801
T [29] showed the highest 16S rRNA gene sequence similarities of 93.8, 93.6, 93.1 and 92.8 % with strain 2-36 T , respectively. However, although S. polymorpha DSM 43042
T showed 93.6 % similarity with strain 2-36 T , it was assigned into a distinct group separate from strain 2-36 T , Modestobacter, Blastococcus and Geodermatophilus strains and expressed a significant morphological difference by forming short chains of aerial mycelia [30] . So M. roseus KLBMP 1279 T , B. saxobsidens BC444 T , G. aquaeductus BMG801
T , and type strains of the type species of these genera, Modestobacter multiseptatus AA-826
T [18] , Blastococcus aggregatus B15
T and Geodermatophilus obscurus G-20
T [31] , were purchased from the German Collection of Microorganisms and Cell Cultures (DSMZ) and analysed together in this study.
For analysis of signature nucleotides, the 16S rRNA gene sequences of all type strains in the family Geodermatophilaceae were aligned with CLUSTAL X 2.0 [32] . A specific motif was found in strain T and all the Geodermatophilaceae strains, with signature nucleotides GCTCTGGGA-TAANNNNNNGAAA (N represents other alternative bases) (Fig. S3 ).
Cell morphology was observed by transmission electron microscopy (Hitachi H-7650) and light microscopy (Olympus). A cell motility test was performed by inoculating strain T in semisolid agar [14] . Gram staining was carried out using the standard Gram-staining method and cell motility was confirmed by the development of turbidity in semisolid medium [16] . Oxidase and catalase activities were determined using 1 % tetramethyl-p-phenylenediamine [33] C for 7 days. The pH was adjusted with Na 2 HPO 4 / NaH 2 PO 4 for pH 5.0-7.0 and NaOH/NaHCO 3 for pH 8.0-10.0 [12] , and adjusted again with sterile buffers after autoclaving. Tolerance to NaCl was examined on LM agar plates with final NaCl concentrations of 0-10 % (w/v, at intervals of 1 %). The requirement for oxygen was tested in an anaerobic chamber on LM agar plates after incubation at 28 C for 2 weeks. Growth on/in R2A agar, Lysogeny broth (LB; Oxoid), trypticase soy broth (TSB; Bacto), ISP2 (DSM medium 987), GYM (DSM medium 65) and LM were also tested at 28 C for 1 week. Colour-change tests were performed on copiotrophic medium (ISP2) and oligotrophic medium (1/10 ISP2) for 3-15 days [16] . Enzyme activity and other necessary physiological tests were performed using API 20NE and API ZYM (bioM erieux) galleries according to the manufacturer's instructions and, sometimes, in combination with traditional methods. The resistance to manganese (MIC) of strain T and the reference strains was tested by observing growth on LM agar plates containing different concentrations of MnCl 2 .
Strain 2-36
T was Gram-stain-positive and aerobic. Cells were non-spore-forming, short aggregating or single rods (0.5-0.6Â0.6-1.1 µm) that were similar to those of closely related strains (Fig. S4) . No flagella were present (Fig. S5) . Colonies grown on R2A agar were circular, moist, opaque and cream-pink coloured after incubation at 28 C for 3 days. Strain 2-36
T grew well on/in many media such as R2A agar, TSB, LB, ISP2, LM and GYM, and showed better growth in broth than on corresponding agar plates. The colour-change tests suggested that strain 2-36
T shows no significant colour change on oligotrophic or copiotrophic medium. With side-by-side comparisons, strain 2-36 T distinctively was positive for assimilation of phenylacetic acid but negative for a-glucosidase. The detailed morphological and physiological features that differentiate the candidate strain T from the reference strains are given in Table 1 . In addition, strain 2-36 T was highly resistant to MnCl 2 and the MIC for MnCl 2 was 75 mM, while the other reference strains were less resistant to MnCl 2 (MICs < 1 mM).
Freeze-dried cells for chemotaxonomic analyses were obtained from cultures grown on LM agar plates at 28 C. The genomic DNA of strain T was extracted, purified and then enzymatically degraded into nucleosides to determine the G+C content using a reversed-phase HPLC system [34] . Menaquinones were extracted using a two-stage method [35] and further analysed by HPLC. The polar lipids were extracted from 100 mg of freeze-dried cells and separated by two-dimensional TLC. Total lipids were detected using 5 % ethanolic molybdatophosphoric acid solution and specific functional groups were detected by spraying with appropriate detection reagents according to Minnikin et al. [36] and Tindall et al. [37] . Cells of strain T and the reference strains were collected in the late exponential phase on LM agar at 28 C [38] and used for cellular fatty acid analysis using the standard protocol of the Sherlock MIS (MIDI) system. Amino acid and sugar analyses of whole-cell hydrolysates were carried out according to Lechevalier and Lechevalier [39] and Hasegawa et al. [40] . The respiratory quinone, cell-wall composition and polar lipid analyses were performed by the Guang Dong Detection of Microbiology.
The G+C content of strain 2-36 T 
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Blastococcus jejuensis KST3-10 T (DQ200983) Nitrate reduction Geodermatophilaceae [1] . It also had MK-8(H 4 ) (7.5 %) and MK-9(H 6 ) (2.6 %).
The polar lipid profile of strain 2-36 T comprised diphosphatidylglycerol, phosphatidylmethylethanolamine, phosphatidylethanolamine, phosphatidylinositol, phosphatidylinositol mannoside, an unknown glycolipid, an unknown aminophospholipid and two unknown phospholipids (Fig. S6) . The major polar lipids of strain T matched the characteristic lipid types of phosphatidylethanolamine and phosphatidylmethylethanolamine in Geodermatophilaceae [41] ( Table 1 ).
The major fatty acids (>5.0 %) of strain T were iso- Table 2 . The peptidoglycan of strain T contained meso-diaminopimelic acid as the diagnostic diamino acid. Whole-cell hydrolysates showed the presence of glucose, ribose and rhamnose.
Combining the above genotypic, phenotypic and chemotaxonomic results, strain T is phylogenetically related to
Geodermatophilaceae strains and shares some common features with them, such as MK-9(H 4 ) as the major quinone, the presence of phosphatidylethanolamine and phosphatidylmethylethanolamine [41] , and the predominance of iso-C 15 : 0 and iso-C 16 : 0 . However, strain 2-36 T can be differentiated from the closely related Geodermatophilaceae strains not only by low 16S rRNA gene sequence similarities (<93.8 %) but also by the presence of C 17 : 1 !6c and iso- [17] and b, [42] , respectively, because they cannot grow on LM agar. *Summed features represent groups of two or three fatty acids that cannot separated by GC with the MIDI system. C 14 : 0 fatty acids. In addition, strain T is positive for assimilation of phenylacetic acid but negative for a-glucosidase. It can be concluded that strain T represents a novel species of a new genus in the family Geodermatophilaceae, for which the name Cumulibacter manganitolerans gen. nov., sp. nov. is proposed.
DESCRIPTION OF CUMULIBACTER GEN. NOV. Possesses the following characteristics in addition to those described for the genus. Cells are 0.5-0.6 µm in width and 0.6-1.1 µm in length. Non-motile and no hyphae or sporangia are produced. Colonies are circular, moist, opaque, and cream-pink coloured after incubation on LM agar (pH 7.0) at 28 C for 3 days. Growth occurs at 15-37 C (optimum, 28 C) but not at 4 or 42 C; growth occurs at pH 5.0-10.0 (optimum, pH 5.0-8.0) and in the presence of 0-6 % (w/v) NaCl (optimum without NaCl) on LM agar. No growth under anaerobic conditions. Nitrate is reduced. Negative for hydrolysis of L-tryptophane, L-arginine and gelatin. Assimilates D-glucose, D-mannose, adipic acid, malic acid and phenylacetic acid. Positive for esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cysteine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase activities; negative for alkaline phosphatase, lipase (C14), trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, Nacetyl-b-glucosaminidase, a-mannosidase and a-fucosidase activities. The polar lipid profile also contains phosphatidylinositol, an unknown glycolipid and two unknown phospholipids.
The type strain is T (=CCTCC AA 2016026  T =DSM  103787 T ), isolated from sludge of a sewage outlet in Dalong Manganese Mine, Tongren, Guizhou province, PR China.
The DNA G+C content of the type strain is 70.1 mol%. The strain shows high resistance to MnCl 2 with MIC of 75 mM.
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